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ABSTRACT 

Continuing development of a thermionic  diode 

p r e s s u r e  t ransducer  for l iquid metal a p p l i c a t i o n s  

is described. Experimental r e s u l t s  on t he  la tes t  

t r ansduce r  test models i n d i c a t e  t h a t  f a b r i c a t i o n  

changes introduced i n  t h e  thermionic  diode s e n s o r  

have inc reased  t h e  expected operating l i fe  w e l l  

beyond t h e  1000 hour l e v e l .  The f i n a l  designs of 

t he  80 p s i a  and f 5 ps id  t r a n s d u c e r s  are w e l l  

along. A double housing is planned; an i n n e r  

Nb-1Zr main housing t o  e s t a b l i s h  a low vapor 

p r e s s u r e  environment for  s u c c e s s f u l  o p e r a t i o n  of 

t h e  thermionic  sensor, a n d - a n  o u t e r  L-605 al loy 

s h e l l  t o  enable  t h e  t r ansduce r  t o  be used on a 

l i q u i d  metal tes t  loop o p e r a t i n g  i n  a i r .  T e s t s  on 

t h e  breadboard m o d e l  of t h e  t r ansduce r  electrical 

s i g n a l  condi t ion ing  sys t em i n d i c a t e d  t h a t  t he  

va r ious  c o n t r o l  loops are o p e r a t i n g  p rope r ly .  I t  

remains t o  connect t h e  breadboard t o  a t r ansduce r  

test model t o  eva lua te  t h e  i n t e g r a t e d  o p e r a t i o n  of 

t h e  cond i t ion ing  sys tem.  

i 
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1.0 In t roduc t ion  

The o b j e c t i v e  of t h i s  program is t o  develop pressure  

t r ansduce r s  which can be used i n  advanced Rankine cycle 

space power s y s t e m s  us ing  l i q u i d  me ta l s  such a s  mercury, 

sodium, potassium and other a l k a l i  metals a s  working 

and heat t r a n s f e r  media a t  e l eva ted  temperatures .  

Accurate pressure  measurements i n  t h e  high temperature 

l i q u i d ,  vapor, and t w o  phase streams are requ i r ed  for 

research ,  design and c o n t r o l  purposes. In add i t ion ,  

space f l i g h t  requires l i gh twe igh t  s y s t e m s  capable  of 

enduring long periods of unattended ope ra t ion .  

Liquid metal pressure  measurements a t  e l e v a t e d  tempera- 

t u r e s  pose many design problems demanding the  bes t  from 

a v a i l a b l e  ma te r i a l s .  To e s t a b l i s h  a f i rm design base 

for  t h e  t ransducer  equipment, f o u r  diaphragm m a t e r i a l s  

and t w o  t ransducer  s y s t e m s  were chosen for evalua-  

t i o n .  The selected t r ansduce r  s y s t e m  us ing  a thermionic  

d iode  senso r  is being developed for  use  as either ground 

or f l i g h t  hardware for measuring a b s o l u t e  and 

d i f f e r e n t i a l  p ressures .  The a b s o l u t e  and d i f f e r e n t i a l  

p r e s s u r e  instruments  are being developed f o r  f u l l  scale 

ranges of 80 p s i a  and +5 p s i d  r e s p e c t i v e l y .  

-1- 



2.0 Summary 

Transducer test  u n i t  T-6 was b u i l t  us ing  t h e  FS-85 

pres su re  capsu le  taken  from t e s t  u n i t  T-5. Changes 

made i n  t h e  thermionic  senso r ,  i nc lud ing  t h e  

removal of t h e  secondary r e f e r e n c e  collector and 

changing t h e  emitter thermocouple ma te r i a l  and 

emitter a c t i v a t i o n  procedures ,  were in tended  t o  

extend t h e  850 hour l i f e  demonstrated by t h e  test-  

i n g  performed on T-5. 

Transducer test u n i t  T-7 was b u i l t  u s ing  t h e  C-129Y 

pres su re  capsu le  t aken  from test u n i t  T-4, which 

completed 1500 hours  of cont inuous  o p e r a t i o n .  The 

thermionic  s e n s o r  of T-7 inc luded  a secondary 

r e fe rence  collector t o  check its effect  on  t h e  

ope ra t ing  l i f e .  

Some errat ic  tes t  d a t a  ob ta ined  w i t h  T-5 i n d i c a t e d  

t h e  possible  e x i s t a n c e  of errors due t o  tempera ture  

i n s t a b i l i t i e s  i n  t h e  test  chamber. As a check, a 

se r ies  of t es t s  were run  on t h e  tempera ture  

1 
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characteristics of t h e  Vacuum T e s t  F a c i l i t y  and the  

thermionic  emitters. T e s t  u n i t  T i 4  was used for 

these tests. Resul t s  i n d i c a t e d  t h a t  the  methods 

p r e s e n t l y  i n  use f o r  determining chamber and 

emitter temperatures  y i e l d  a c c u r a t e  r e s u l t s .  

During t h e  r e p o r t  period, about  1375 and 1125 hours 

of o p e r a t i o n  w e r e  accumulated on T-6 and T-7, respec- 

t i v e l y .  Two series of pressure-output  tests were 

run. The first series used a cons t an t  s enso r  supply 

vo l t age  a t  ze ro  pressure  for a l l  test temperatures. 

The second series used a cons t an t  sum-of-the- 

c u r r e n t s  va lue  a t  ze ro  p re s su re  for a l l ’ t e s t  

temperatures .  Zero s h i f t  effects observed dur ing  

t h e  first test series w e r e  g rea t ly  decreased i n  

t he  second test series. The changes in t roduced  i n  

t he  f a b r i c a t i o n  of t h e  thermionic  s e n s o r s  of T-6 

and T-7 appeared to s o l v e  t h e  emission problems 

encountered i n  t h e  t e s t i n g  of T-4 and T-5. Data 

accumulated t h u s  fa r  has not  i n d i c a t e d  any effect 

of t h e  secondary re ference  collector on o p e r a t i n g  

l i fe .  

-3- 



Design work on t h e  f i n a l  abso lu t e  and d i f f e r e n t i a l  

t ransducer  conf igu ra t ions  W G S  star ted.  U s e  of a 

double housing is planned. An i n n e r  housing of 

Nb-1Zr  p rovides  t h e  l o w  vapor p re s su re  environment 

needed for t h e  thermionic sensor  w h i l e  an o u t e r  

s h e l l  of L-605 a l l o y  allows t h e  t r ansduce r  t o  

opera te  i n  a i r  a t  1800'F. 

The metal-ceramic test  s e a l s  scheduled fo r  

potassium c o m p a t i b i l i t y  t e s t i n g  w e r e  completed, 

i n s t a l l e d  i n  the i r  test  assemblies and shipped for  

potassium charging.  C o m p a t i b i l i t y  t e s t i n g  is 

scheduled t o  s t a r t  about t h e  end of March. 

Test  work was cont inued on t h e  t r ansduce r  electrical  

s i g n a l  cond i t ion ing  s y s t e m  breadboard. A new supply 

t ransformer was wound and i n s t a l l e d  on t h e  bread- 

board. 

var ious  c o n t r o l  loops were s u c c e s s f u l l y  completed. 

The breadboard w a s  connected t o  test  t r ansduce r  

T-7 for  f u r t h e r  t e s t i n g .  

Using s imula ted  inpu t  s i g n a l s , c h e c k s  on t h e  

-4- 

c 



L 

3.0 Thermionic Diode Pressure Transducer T e s t  Un i t s  

A t  t h e  conclusion of t h e  prev ious  report period 

(Reference l), t r ansduce r  test u n i t s  T-4 and T-5 

had been i n  continuous o p e r a t i o n  a t  tempera tures  

up t o  1800°F for  about 1500 and 850 hours  respec- 

t i v e l y .  A t  t h a t  t i m e ,  some loss i n  emission w a s  

observed f r o m  the  emitters used i n  t h e  r e f e r e n c e  

c i r c u i t .  To a lesser e x t e n t ,  t h e  same effect w a s  

n o t i c e d  i n  t h e  a c t i v e  emitter c i r c u i t s .  To remedy 

t h e  emission loss and extend t h e  thermionic  diode 

senso r  l i fe  beyond t h e  1000-1500 hour l e v e l ,  three 

specific %reas were chosen for i n v e s t i g a t i o n .  One 

w a s  t h e  braze j o i n t  holding t h e  secondary r e f e r e n c e  

c o l l e c t o r  i n  the Lucalox s e c t i o n  of t h e  senso r .  

During ope ra t ion ,  t h e  braze m a t e r i a l  may have re- 

a c t e d  w i t h  t h e  emitter. The second w a s  t h e  platinum 

thermocouple u s e d  t o  monitor t h e  emitter temperature. 

The emission could have been degraded by plat inum 

migra t ion  over the  emitter s u r f a c e s .  L a s t l y ,  t h e  

loss i n  emission may have been due t o  an over- 

extended a c t i v a t i o n  procedure which r e s u l t e d  i n  

excess ive  loss of impregnant m a t e r i a l  f r o m  t he  

emitters . 

- 5- 



To i n v e s t i g a t e  t h e  problem a r e a s  mentioned above, 

T-5 was disassembled and t h e  FS-85 p res su re  capsule  

was f i t t e d  w i t h  a new thermionic  diode senso r  t o  

form a new test u n i t ,  T-6. The thermionic  diode 

sensor  had t h e  fol lowing f e a t u r e s .  

1. The sensor  d i d  not i nc lude  t h e  secondary 

r e fe rence  collector.  

2. The Pt/Pt-13 Rh thermocouple was replaced by 

T h i s  thermo- a W-5 Re/W-26 R e  thermocouple. 

couple  was spot-welded t o  t h e  emitter housing. 

3. The emitters were p re -ac t iva t ed  i n  vacuum 

(about 10-6 torr) a t  2280'F for  25  minutes  

before assembling t h e  senso r .  I n  t h e  Vacuum 

Tes t  F a c i l i t y ,  ano the r  20 minute pre-ac t iva-  

t i o n  per iod  a t  2280'F was completed. Current  

was drawn from t h e  emitters dur ing  t h e  second 

p re -ac t iva t ion  procedure.  

4. The N b - 1 Z r  "bol t s t1  used t o  ho ld  down t h e  

emitter housing t o  t h e  Lucalox base were 

rhenium-plated. The p l a t i n g  was done t o  avoid 

any possible  r e a c t i o n  between t h e  columbium 

and t h e  Lucalox. 

-6- 



Before test u n i t  T-4 was disassembled, s e v e r a l  

tests were performed t o  determine the  temperature 

c h a r a c t e r i s t i c s  of the Vacuum T e s t  F a c i l i t y  and 

t h e  thermionic  emitters. These tests w i l l  be 

d e t a i l e d  i n  Section 3.1. Following t h e  temperature  

tests, T-4 was disassembled and t h e  C-129Y pres su re  

capsule  was f i t t e d  w i t h  a new thermionic  d iode  

sensor t o  form a new tes t  u n i t ,  T-7. The senso r  

w a s  i d e n t i c a l  t o  t h e  sensor prepared for  T-6 

except  t h a t  a secondary r e f e r e n c e  collector was 

included. Comparison of da t a  collected on T-6 and 

T-7 should i n d i c a t e  whether t h e  secondary r e f e r e n c e  

collector has  any de t r imen ta l  effects on sensor 

o p e r a t i n g  l i fe .  If t e s t i n g  i n d i c a t e s  t h a t  t h e  

secondary r e fe rence  c o l l e c t o r  should not  be used, 

t he  W-5 Re/W-26 Re thermocouple could be used i n  

t h e  f i n a l  design t o  i n d i c a t e  and c o n t r o l  t he  

emitter temperature.  

-7- 



3.1 TemDerature Tes t  Resu l t s  

During t h e  previous r e p o r t  pe r iod ,  experimental  

da ta  gathered on T-5 y i e l d e d  errat ic  r e s u l t s .  

Some of these da ta  ind ica t ed  t h e  possible  exiStanCe 

of errors due t o  temperature i n s t a b i l i t i e s  i n  t h e  

test chamber and corresponding ques t ionab le  va lues  

of assumed chamber and emitter temperatures .  As a 

check, a series of tests were run  t o  determine t h e  

temperature c h a r a c t e r i s t i c s  of  t h e  Vacuum Tes t  

F a c i l i t y  and t h e  thermionic  emitters. Tes t  u n i t  

T-4 was used for  these tests. 

The  tes t  chamber and thermionic  emitter temperatures  

were cont inuously monitored and d isp layed  on a 

recorder instrument .  The chromel/alumel thermo- 

couple i n s e r t e d  i n t o  t h e  argon p r e s s u r i z a t i o n  tub ing  

near t h e  p re s su re  capsule  was used to i n d i c a t e  

ambient  temperature.  The p la t inum thermocouple 

spot-welded t o  t h e  emitter housing i n d i c a t e d  t h e  

temperature of t h e  emitter. The tests w e r e  run  a t  

tes t  chamber temperatures  of 1800, 1600, 1400, 1200 

and 1000°F. The emitter tempera ture  for  t h e  tes ts  

was 2100OF. The test r e s u l t s  may be summarized a s  

follows. 

, 
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1. A change i n  either t h e  test chamber or 

e m i t t e r  temperature w a s  reflected i n  t h e  

o ther .  A s  t h e  tes t  chamber temperature  w a s  

v a r i e d ,  t h e  emitter temperature  changed i n  

t h e  same d i r e c t i o n ,  and s t a b i l i z e d  i n  about 

t h e  s a m e  t i m e .  

3. 

2. There w a s  no hunting e f f e c t .  Both  temperature 

changes w e r e  gradual  w i t h  no observable  under- 

shoot o r  overshoot. 

The in t roduc t ion  of argon t o  p r e s s u r i z e  t h e  

capsule  r e s u l t e d  i n  a h igher  thermocouple 

output  t han  was obtained under zero p res su re  

(vacuum) condi t ions .  The magnitude of t h i s  

e f f e c t  w a s  independent of argon p r e s s u r e  and 

w a s  m o s t  no t iceable  a t  t h e  lower tempera tures  

(1000, 1200 and 1400OF). A t  1600 and 1800°F, 

t h e  change i n  t h e  thermocouple ou tpu t  was 

minimized .  I t  appeared t h a t  a t  t h e  lower 

temperatures ,  heat conduction through t h e  

argon w a s  a more e f f i c i e n t  t r a n s f e r  mechanism 

than  r a d i a t i o n  i n  vacuum. For t h e  h ighe r  t e m -  

p e r a t u r e s ,  r a d i a t i o n  hea t  t r a n s f e r  w a s  close 

t o  t h e  conduction mechanism through t h e  argon. 

-9- 



4 .  The recorder data v e r i f i e d  t h e  accuracy of t h e  

methods previous ly  used to  monitor t h e  chamber 

and emitter temperatures.  These procedures 

involved spot-checking t h e  temperatures 

p e r i o d i c a l l y  with a thermocouple read-out 

bridge and a l lowing about one hour for a 

s t a b l e  temperature d i s t r i b u t i o n  to  be e s t a b l i s h e d .  

-10- 
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3.2 Pressu re  - Output Test  R e s u l t s  

During t h e  r e p o r t  period, experimental  work con- 

c e n t r a t e d  on test t ransducers  T-6 (FS-85 p res su re  

capsule)  and T-7 (C-129Y p res su re  capsu le )  which 

accumulated ope ra t ing  t i m e s  of about 1375 and 1125 

hours,  r e s p e c t i v e l y .  The main purpose of  t h e  test 

series w a s  t o  determine whether changes made i n  

t h e  f a b r i c a t i o n  of t h e  thermionic  s e n s o r s  of  T-6 

and T-7 would inc rease  t h e  o p e r a t i o n  l i fe  beyond 

t h e  1500 and 850 hour t i m e s  shown by test t r ansduce r s  

T-4 (C-129Y pressure  capsule)  and T-5 (FS-85 

p res su re  c a p s u l e ) .  The d e t a i l s  of t h e  f a b r i c a t i o n  

changes were presented i n  S e c t i o n  3.0. 

Two complete se t s  of pressure-output  tests were 

run  on both T-6 and T-7. The tests c o n s i s t e d  of 

t h r e e  p r e s s u r e  c y c l e s  a t  1800, 1600, 1400, 1200, 

1000, 1200, 1400, 1600, and 1800°F. Space-charge 

data taken  before  and a f t e r  t h e  tempera ture  runs  

w e r e  used t o  i n d i c a t e  t h e  a c t i v e  and r e f e r e n c e  

c o l l e c t o r  d i s t ances  and any e m i t t e r  poisoning t h a t  

might be p r e s e n t .  The procedures  f o r  o b t a i n i n g  

-11- 



From t h e  i n i t i a l  space-charge data shown i n  F igu res  

1 and 5 ,  an ope ra t ing  vo l t age  of about 10 v o l t s  

was chosen for T-6 and T-7. T h i s  voltage r e s u l t e d  

-12- 

and i n t e r p r e t i n g  t h e  space-charge data a r e  o u t l i n e d  

in Reference 1, page 9.  For t h e  first tests on 

both T-6 and T-7, t h e  supply vo l t age  for  zero 

p res su re  was 10 v o l t s  for  a l l  test temperatures .  

The use of a cons tan t  zero-pressure supply vo l t age  

for a l l  temperatures,  coupled w i t h  any s h i f t s  i n  

t h e  p re s su re  capsule  ( a c t i v e  col lector)  w i t h  t e m -  

p e r a t u r e ,  r e s u l t e d  i n  d i f f e r e n t  sum-of-the-currents 

( i a  + ir)  va lues  a t  each temperature .  Complete 

sets of pressure-output  c u r r e n t  ( i a  - ir) data from 

T-6 and T-7 are presented  i n  F igu res  1 through 8 .  

Figures 1 through 4 re late  t o  T-6 and F igures  5 

through 8 r e l a t e  t o  T-7. For both t r ansduce r s ,  

t h e  d a t a  are presented  i n  t h e  fo l lowing  sequence; 

i n i t i a l  space-charge da t a ,  pressure-output  data for  

decreasing temperatures, pressure-output  data  for 

inc reas ing  temperatures  and f i n a l  space-charge 

da ta .  



. 
i n  no apparent poisoning e f f e c t  i n  ei ther sensor .  

To o b t a i n  about 0.001 inch  p res su re  capsule  

d e f l e c t i o n ,  f u l l  s c a l e  p re s su res  of 50 inches  of 

mercury and 60 p s i a  w e r e  chosen f o r  T-6 and T-7, 

r e s p e c t i v e  ly  . 

Table 1 presen t s  t h e  va r ious  c u r r e n t  parameters w i t h  

10 v o l t s  app l i ed  t o  t h e  senso r  a t  zero p res su re .  

The data of Table 1 i n d i c a t e  t h a t  t h e  major 

p o r t i o n  of t h e  zero  s h i f t  w i t h  temperature  i n  t h e  

output  c u r r e n t  ( i a  - i r )  is due t o  s h i f t s  i n  t h e  

a c t i v e  collector d i s t ance  probably re la ted to 

t h e r m a l  expansion e f f e c t s  (Reference 1, page 12) .  

A s  t h e  temperature decreased, t h e  p re s su re  capsu le  

con t r ac t ed  and t h e  a c t i v e  collector d i s t a n c e  de- 

c r eased ,  r e s u l t i n g  i n  an i n c r e a s e  i n  i a .  The 

effect  is more pronounced i n  T-6 than  i n  T-7, shown 

by comparing t h e  s h i f t s  wi th  temperature  of t h e  

d a t a  of Figures  2 and 3 (T-6) w i t h  t h e  s h i f t s  w i t h  

temperature of t h e  d a t a  of Figures  6 and 7 (T-7). 
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TABLE 1 

146.7 

138.7 

122.6 

110.9 

104.1 

T e s t  
Temp 
OF 

1800 

1600 

1400 

1200 

1000 

1200 

1400 

1600 

1800 

74.6 

65.2 

51.3 

41.3 

36.3 

ZERO PRESSURE TEST PARAMETERS; 
CONSTANT APPLIED VOLTAGE, 10 VOLTS 

T- 6 T- 7 

ia + ir 
m a  

74.0 

77.8 

79.4 

82.0 

85.4 

83.2 

80.8 

75.8 

67.9 

ia - ir 
m a  

21.7 

24.7 

27.5 

28.9 

30.6 

26.7 

25.4 

23.0 

21.1 
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Figures  1 and 4, t h e  t w o  sets of space-charge data 

on T-6, i n d i c a t e  t h a t  t he  a c t i v e  collector d i s t a n c e  

decreased f r o m  a l i t t l e  under 0.004 i nch  prior t o  

the  temperature  tests t o  about 0.0035 inch  follow- 

i n g  t h e  temperature  tests. Space-charge runs 

t aken  about t w o  weeks later showed t h a t  the a c t i v e  

collector d i s t ance  had decreased still fu r the r  to 

about 0.0032 inch. A t  t ha t  t i m e ,  T-6 was removed 

from t h e  test chamber t o  a d j u s t  the a c t i v e  collector 

d i s t a n c e  t o  a value closer t o  t h a t  of t h e  r e fe rence  

collector (about 0.005 inch)  . The thermionic  

senso r  was shimmed to a d j u s t  the active collector 

d i s t a n c e  and T-6 was r e - i n s t a l l e d  i n  t h e  test 

chamber . 

The pressure-output  tests were repeated on both 

T-6 and T-7. However, i n s t e a d  of us ing  a cons t an t  

zero-pressure vol tage  a t  a l l  tempera tures ,  a 

c o n s t a n t  sum-of-the-currents ( i a  + ir) va lue  was 

used for a l l  temperatures.  The thermal expansion 

effects mentioned above were minimized s i n c e  any 

i n c r e a s e s  i n  c u r r e n t  (especially ia )  were 
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restricted by t h e  cons tan t  ( i a  + ir)  requirement.  

I n  a d d i t i o n ,  t h e  tests were more r e p r e s e n t a t i v e  of 

f i n a l  t ransducer  ope ra t ion  s i n c e  t h e  s i g n a l  

cond i t ion ing  s y s t e m  ope ra t ion  is based on maintain- 

i ng  a cons tan t  ( i a  + ir) value.  

Comple te  sets of pressure-output  c u r r e n t  ( i a  - i r )  

data  from these second tests on T-6 and T-7 are 

presented i n  F igures  9 through 23. F igu res  9 

through 12 relate t o  T-6 and p r e s e n t  t h e  data i n  

t h e  fol lowing sequence; i n i t i a l  space-charge d a t a ,  

pressure-output data for decreas ing  temperatures ,  

pressure-output data for  i n c r e a s i n g  temperatures  

and f i n a l  space-charge da ta .  F igu res  13 through 

23 r e l a t e  t o  T-7 and p resen t  t h e  data i n  t h e  

following sequence; i n i t i a l  space-charge d a t a ,  

pressure-output-temperature data (F igu res  1 4  through 

22) and f i n a l  space-charge data .  Each temperature  

test on  T-7 is presented  s e p a r a t e l y  s i n c e  t h e  d a t a  

corresponding t o  each temperature  test are not  

d i s t i n g u i s h a b l e  when p l o t t e d  on one format. 

-16- 
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There w a s  a marked improvement i n  zero s h i f t  

i n d i c a t e d  by comparing t h e  pressure-output  data of 

F igu res  9 through 23 w i t h  those of Figures 1 

through 8 .  Table 2 p r e s e n t s  t h e  v a r i o u s  zero- 

p r e s s u r e  parameters us ing  a c o n s t a n t  sum-of-the- 

c u r r e n t s  value (70 ma) for each temperature.  

The improvement i n  ze ro  s h i f t  is ev iden t  by 

comparing the  ( ia  - ir) va lues  of Table 2 w i t h  

those of Table 1. Using Table  1 data, the  spreads 

i n  ( i a  - ir) va lues  w i t h  temperature  for T-6 and 

T-7 were 50.0 and 9.5 mill iamperes ,  r e s p e c t i v e l y .  

Using the  sum-of-the-currents va lue  as t h e  r e f e r e n c e  

parameter,  t h e  spreads  i n  ( ia - ir) va lues  w i t h  

temperature ,  f r o m  Table 2, decreased t o  20.6 and 

2.4 mill iamperes  f o r  T-6 and T-7, r e s p e c t i v e l y .  

The fol lowing genera l  s t a t emen t s  may be made from 

t h e  test r e s u l t s .  
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TABLE 2 

T e s t  
Temp 
OF 

1800 

1600 

1400 

1200 

1000 

1200 

1400 

1600 

1800 

- 

ZERO PRESSURE TEST PARAMETERS; 
CONSTANT SUM-OF-THE-CURRENTS, 70 m a  

T- 6 

i a  + i, 
m a  

7 0 . 0  

70 .0  

7 0 . 0  

70.0 

70.0 

70.0 

70.0 

70.0 

70.0 

l a  - lr 
m a  

17.2 

23.0 

28.1 

32.9 

37.8 

33.4 

28.3 

24.7 

23.5 

T- 7 

i a  + ir  
m a  

70.0 

70.0 

70.0 

70.0 

70.0 

70.0 

70.0 

70.0 

70.0 

i a  - ir 
m a  

~~ 

24.3 

23.6 

24.7 

24.3 

23.2 

22.5 

24.3 

22.3 

23.6 
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1, T-7 (C-129Y) e x h i b i t e d  much less zero s h i f t  

w i t h  temperature than  T-6 (FS-85) du r ing  both 

test series (see Tables  1 and 2) .  From 

experimental  results p resen ted  i n  Reference 2, 

it is expected tha t  t h e  W-25 Re material 

chosen for the  f i n a l  pressure capsu le  des ign  

w i l l  improve upon t h e  performance of t h e  

C-129Y test u n i t  T-7. 

2. H y s t e r e s i s  effects i n  t h e  pressure-output  d a t a  

for b o t h  T-6 and T-7 were n o t i c e a b l e  only  a t  

tempera tures  above 1400°F and, i n  some 

ins t ances ,  1600OF. 

The hours of s u c c e s s f u l  o p e r a t i o n  accumulated 

by T-6 and T-7 (1375 and 1125 hours, respec- 

t i v e l y )  i nd ica t ed  t h a t  t h e  f a b r i c a t i o n  changes 

used on these u n i t s  may have so lved  t h e  

emission problems encountered i n  test u n i t s  

T-4 and T-5. S u f f i c i e n t  da t a  was not  ob ta ined  

t o  determine t h e  effect, i f  any, of t h e  

secondary re ference  collector on o p e r a t i n g  

l i fe .  
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Thermionic Diode P res su re  Transducer Design 

During t h e  r e p o r t  pe r iod ,  work was s t a r t e d  on t h e  

- -~ -- 4.0 

f i n a l  housing des igns  f o r  t h e  80 p s i a  and f 5 p s i d  

t ransducers .  To enable  t h e  t r a n s d u c e r s  t o  be 

t e s t e d  on a loop o p e r a t i n g  i n  a i r ,  L-605 c o b a l t -  

based a l l o y  r ece ived  i n i t i a l  c o n s i d e r a t i o n  a s  t h e  

m a t e r i a l .  Choice of t h i s  mater ia l  pe rmi t s  t h e  

t ransducer  loop t e s t i n g  t o  be done i n  e i ther  a 

1600°F s t a i n l e s s  s tee l  loop or an  1800'F L-605 ( o r  

Haynes-25) loop. 

Fur ther  i n v e s t i g a t i o n  i n t o  L-605 r evea led  t h a t  t h i s  

m a t e r i a l  h a s  a vapor p r e s s u r e  between 10-5 and 10-6 

torr a t  1800OF. I n s t a l l a t i o n  of t h e  thermionic  

diode senso r  i n  a housing of L-605 would r e s u l t  i n  

a poisoning of t h e  thermionic  emitters because of 

t h e  r e l a t i v e l y  high vapor p r e s s u r e .  To avoid  t h i s  

poisoning, t h e  des igns  for t h e  a b s o l u t e  and d i f f e r -  

e n t i a l  p r e s s u r e  t r a n s d u c e r s  were e s t a b l i s h e d  around 
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t h e  use of  a double housing concept;  a main housing 

of Nb-1Zr surrounded by a s h e l l  of L-605 a l l o y .  

The thermionic sensor  is i n s t a l l e d  i n  t h e  l o w  

vapor p re s su re  Nb-1Zr and t h e  o u t e r  s h e l l  of L-605 

al lows t h e  t ransducer  t o  ope ra t e  i n  a i r .  The space 

between t h e  Nb-1Zr and t h e  L-605 w i l l  be evacuated 

t o  prevent ox ida t ion  damage t o  t h e  Nb-1Zr .  

Layout drawings of t h e  t r ansduce r  des ign  were pre-  

pared t o  determine p o t e n t i a l  problem areas i n  t h e  

f a b r i c a t i o n  process .  The va r ious  weld requirements  

were analyzed. A l l  j o i n t s  exposed t o  t h e  l i q u i d  

potassium environment w i l l  be electron-beam welded. 

The f i n a l  c l o s u r e  welds a s s o c i a t e d  w i t h  t h e  

thermionic senso r  s e c t i o n  may be ei ther  e l e c t r o n -  

b e a m  or heliarc type. These j o i n t s  w i l l  not  be 

exposed t o  t h e  l i q u i d  potassium environment and 

w i l l  maintain t h e  vacuum requirements of t h e  

thermionic  senso r .  A t  p r e sen t ,  t h e  h e l i a r c  weld 

is p r e f e r r e d  s i n c e  t h i s  type  of weld can  be done 

a t  t h i s  company. 
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The use of a N b - 1 Z r  housing i n s i d e  an L-605 o u t e r  

she l l  r equ i r ed  t h e  use of a p r e s s u r i z a t i o n  connec- 

t i o n  weldable t o  both Nb-1Zr and L-605. A t r a n s i -  

t i o n  piece has been designed t o  m e e t  these r e q u i r e -  

m e n t s .  A tapered s l u g  of L-605 is forged i n t o  a 

tapered c a v i t y  i n  a piece of N b - I Z r .  The j o i n t  

has been found t o  be sound. After f i n a l  machining, 

the t r a n s i t i o n  piece becomes a tube  one end of 

which is N b - l Z r ,  welded i n t o  t h e  main housing and 

the  o t h e r  end is L-605, welded i n t o  t h e  o u t e r  

s h e l l  . 
A prel iminary design was es tabl ished for t h e  

e l e c t r i c a l  connector  set-up used t o  d e l i v e r  power 

t o  t h e  t r ansduce r  and connect it t o  t h e  s i g n a l  

condi t ion ing  equipment. The c a b l e  is of a swaged 

design about 2 feet long. The i n t e r n a l  i n s u l a t i o n  

is crushable  ceramic and t h e  o u t e r  c a b l e  s h e l l  is 

s t a i n l e s s  steel tub ing .  The s t a i n l e s s  t u b i n g  g i v e s  

the  cable a c e r t a i n  amount of f l e x i b i l i t y  needed 

for  loop t e s t i n g .  The c a b l e  is i n t e r n a l l y  p r e s s u r i z e d  
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w i t h  argon and a metal-ceramic s e a l  is used a t  both 

ends. A weld connection is made t o  t h e  t r ansduce r  

w h i l e  a s t anda rd  multi-pin connector  a t  t h e  cold 

end of t h e  c a b l e  allows t h e  use of a s t anda rd  

des ign  cable t o  the signal c o n d i t i o n i n g  equipment. 

F i n a l  layout  drawings of t h e  abso lu t e  and d i f f e r e n -  

t i a l  p re s su re  t ransducers ,  and t he i r  e l e c t r i c a l  

connectors ,  w i l l  be p resen ted  i n  t h e  next Quar te r ly  

Report .  
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5.0  Metal-Ceramic Seal Compatibility Program 

The metal-ceramic test seals scheduled for potassium 

compatibility testing were completed. Five 

compatibility test assemblies, each containing 

four metal-ceramic test seals, were fabricated and 

shipped for potassium charging. Detailed sketches 

and information on the test seals and compatibility 

test assemblies were presented in Reference 1 

(Table 31 and Figures 11 through 19). 

The present estimate for the return of the assemblies 

and the start of the compatibility testing is the 

end of March. The procedure to be followed for 

the compatibility testing of the metal-ceramic 

seals is the same as that used for the compatibility 

testing of the four candidate pressure capsule 

materials (see Reference 3, page 18). 
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6.0  Transducer S i g n a l  Conditioning 

During t h e  r e p o r t  per iod ,  work on t h e  e lectr ical  

s i g n a l  cond i t ion ing  s y s t e m  concent ra ted  on t e s t i n g  

of t h e  breadboard sys t em.  A block diagram of the  

e l e c t r i c a l  c i r c u i t r y  and a d e s c r i p t i o n  of t h e  va r ious  

c o n t r o l  loops of  t h e  s y s t e m  w e r e  p resented  i n  Reference 4. 

During t h e  i n i t i a l  t e s t i n g ,  i t  was found t h a t  t h e  

supply vo l t age  l e v e l  i n  some of t h e  c o n t r o l  loops was 

l o w .  A new supply t ransformer was designed, wound 

and i n s t a l l e d  i n  t h e  breadboard. Using s imula ted  

inpu t  s i g n a l s ,  t h e  c h a r a c t e r i s t i c s  of t h e  c o n t r o l  loops 

%ere checked. Each c i r c u i t  opera ted  a s  planned. 

A t  t h e  conclusion of t he  report period, t h e  breadboard 

was connected t o  t ransducer  T-7 fo l lowing  t h e  t e s t i n g  

described i n  Sec t ion  3.2. Of prime i n t e r e s t  w i l l  be 

d a t a  on t h e  h e a t e r  c o n t r o l  loop r e l a t i n g  the  secondary 

r e f e r e n c e  collector parameters t o  t he  emitter temperature.  

A complete summary of these da ta  and a r e v i s e d  drawing 

of t h e  e l e c t r i c a l  c i r c u i t r y  w i l l  be p resen ted  i n  t h e  

next Quar te r ly  Report. 
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FIGURE 4 
F l N A L  SPK€ - CHARGE DATA, T-6 (FS-85) 
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